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I. Introdttctlon 

1.1 Backgrouna 

During the course of the previous program, entitled "Advanced 

Ferrlmagrotic Materials Applied to Digital Phase Shifters", a con- 

siderable amount of information was accumulated on ferrite digital 

phase shifter materials and structures. The square loop and micro- 

wave properties of many ferrimagnetic garnets and ferrites were 

investigated. Structures employing these materials were also eval- 

uated at both low and high power levels. The investigations were 

made principally in the 3 to 10 GHz frequency range. 

The purpose of the present program is to derive a number of 

ferrimagnetic materials for use at high power levels below 3 GHa. 

Since it is unlikely that the low frequency structures will be 

basically different than those used at frequencies above 3 GHa, 

improvement in the phase shifter operating characteristics will 

probably depend primarily on improvements in the materials. 

1.2 Program Objectives 

The objectives of this prograr are directed toward the im- 

provement and evaluation of ferrite and garnet materials for use 

in digital phase shifters. Effort will be applied in the follow- 

ing areast 

1.2.1 Improvement and evaluation of ferrite and garnet ma- 

terials for use in digital phase shifters at L-, S-, C- and 

Z-bands will be pursued with increased effort at the lower 

frequency bands. Bnphasis will be placed on development of 
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peak power capability of the order of 100 kilowatts while gener- 

ating Insertion losses of 1 db or lees and phase stability with 

temperatur* variation over the military range. 

1,2.2 MLorowave digital phase shift structures will be studied 

with special emphasis on materials derived in this program com- 

bined with the requirements for high switching speed, low switch- 

ing power, low loss, low holding power, compact configuration, 

low unit cost, and high peak and average power handling capability. 

1.3 Asslgment of Responsibility for the Program 

This program is assigned to the Engineering Department of the 

Sperry Microwave Electronics Company. Dr. R. E. Henning it the Chief 

Engineer. Overall responsibility for the program is in the Microwave 

Equipment Department with Mr. B. J. Duncan, Engineering Manager. Di- 

rect responsibility for the program Is in the Research Section with 

Dr. G. R. Harrison, Section Head. Mr. D. R. Taft, Senior Staff 

Engineer, is the Project Engineer and is also responsible for the rf 

evaluation of the materials and the structures. The materials Inves- 

tigations in the program are being conducted by Mr. L. R. Hodges, Senior 

StBff Engineeij and Mr. W. R. Wilso^, Engineer. Consulting services will 

be provided by Dr. G. P. Rodrigue and Dr. J. L. Allen of the Research 

Section. 
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11. HiirrwtlTW flnirr Of Wort PTfor-d tram 29 Amm^t. 1066 tht^i*. 

28 WPYMbar. 1966 

During thl» quarterly period, testing WAS continued according to the teaks 

outlined In the First Quarterly Report. 

The fabrication of the aaterlals needed for the microwave and materials In- 

▼estlgation has been completed exoept for a magneblum-manganeee ferrlte sample 

to be used in a below resonance (frequency) fashion in L-band. This is a reeently 

added task. Some of the measurements of materials properties (such as 4jrM8, AH, 

etc.) are still incomplete, but these data should be accumulated by the end of 

this quarter. 

Grain slse studies hare not as yet yielded any new information. However, 

InhOBogenelties, principally those assoeiated with porosity are still felt to be 

one of the main factors affecting the ferrite square loop properties as indieated 

In -UM last Semiannual Report. 

An Isostatio press for forming of the ferrite bars for final firing was re- 

cently received. The advantage of this type press over the conventional type is 

that the pressure is unifomly applied over the bar surface. In comparison to 

the conventional pressing technique, thia ahould yield ferrite bare with higher 

and more uniform denalty and thus leas inhomogeneltles. 

As soon as this press is operational, new ferrite samples will be fabricated 

with it from the aane powder batchea aa previously used. This will be done on 

several of the more important square loop materials such as YIG, 15% and 30% 

aluminum doped TIG and possibly others. Square loop and microstructure properties 

of these materials will be compared with those of samples prepared in the conven- 

tional press. 
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In I- «ad C-bandi th* lev and high power «lorowaTe testing is nearly 

ooBpleted, A great deal of RF perfomanoe inforaatlon was obtained about 

these aaterials sneh as aagnetio loss, differential phase shift, total loss 

per 360° of phase shift sad critical fields (hgj.^). The results of all 

these tests have agreed rery well with the theoretical work aaking it possible 

to predict or extrapolate to other frequency ranges, higher power IOTSIS, etc. 

with reaeonable confidence. 

The six garnsts and one ferrite aaterial listed in the First Quarterly 

Report for L-band testing hare now been received. SeTeral of the garnets have 

been tested in rectangular waveguide for above resonance perfomanoe (frequency 

wise) sad two ■aterials have been tested for below resonance perfomanoe at low 

RF power levels. In addition a Magnesium wangsnese ferrite is being fabricated 

for below resonance operation* It appears that in above resonance operation in 

this band, Materials having low enough values of Magnetisation to permit high 

power operation will either be relatively inactive « 10 degrees/inch) requiring 

great lengths of Material, or will be lossy because of rare earth doping if this 

is the approach used to obtain high power capability. 

It is hoped that below resonance operation will be the answer for low fre- 

quency operation at high peak power levels. A Mediw-high power source (approx- 

iMttely 300 kw wta&ttM peak power) has been Made available to the program. High 

power testing will be conducted in the 1200 to U50 uf range for both above and 

below resonance operation. 

If time pemits, some mterials will be tested for high speed switching 

capability as determined by the switching coefficiettt (Sw). This information is 

useful in calculating ths switching time of a aaterial when driven by a known 

Magnetic field. This work would, of course, be limited to those Materials having 

desirable Microwave and other square loop properties. 
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HI* PlMl B^ 
lbs following tabulate« the fiscal data on the prognas 

Enginaering aan houra expanded during thie quarter 1050 

Engineering man hours expended to date 3370 

Expenditures during this quarter #31,940.00 

Projested expenditures for this quarter 136,700*00 

Total expenditures to date $115,736.00 

Projflotod total expenditures to date |108,000,00 
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